Objectives: Nephrolithiasis has been reported in 20-28% of patients, of whom 50% are symptomatic for stone disease and 20% require definite urologic intervention. The management of nephrolithiasis includes oral alkali dissolution therapy, extracorporeal shock wave lithotripsy and surgical treatment. In such patients, percutaneous nephrolithotomy (PNL) as a method of stone treatment has been reported in few cases with limited experience. The aim of this study is to present our experience of PNL in autosomal dominant polycystic kidney disease (ADPKD) and assessing the outcome results. Material and Methods: From 2002 to 2011, 22 patients (26 renal units) suffering from ADPKD with stone were managed by PNL. Demographic characteristics, operative parameters and postoperative complications were recorded and analysed. Result: The overall success rate of PNL was 82.1% and PNL with extracorporeal shock wave lithotripsy for clinically significant residual fragments was 92.85% respectively. The hematuria required blood transfusion (n = 9), postoperative fever due to cyst infection (n = 4) and paralytic ileus (n = 3) were recorded. Conclusion: The PNL in ADPKD is safe and effective but have more postoperative complications such as bleeding requiring transfusions, fever due to cyst infection and paralytic ileus.
Introduction
Autosomal dominant polycystic kidney disease (AD-PKD) accounts for 8-10% of end stage renal disease. Most of the patients show a stable period of mild to moderate renal failure, which later on hastened by onset of hypertension, infection and nephrolithiasis [1] . Nephrolithiasis has been reported in 20-28% of patients, of whom 50% are symptomatic for stone disease and 20% require definite urologic intervention [1, 2] . The causes of stone formation in ADPKD are due to both anatomic and metabolic factors. The management of nephrolithiasis includes oral alkali dissolution therapy, extracorporeal shock wave lithotripsy (ESWL) and surgical treatment [1] [2] [3] . There was time when open surgeries including nephrectomy were done for treatment of nephrolithiasis. In past few years these have largely been replaced by use of minimally invasive procedures such as ESWL and percutaneous nephrolithotomy (PNL). ESWL is a safe and effective method of treatment but less effective in large (> 2.5 cm) stone [5] [6] [7] . PNL is an established method of stone treatment for large stone bulk in anatomic normal kidneys. In ADPKD patients, PNL as a method of stone treatment has been reported in few cases with limited experience [8] [9] [10] . Herein, we report our experience of PNL as a method to treat large stone bulk/ failed ESWL cases in 22 patients over 26 renal units. To the best of our knowledge the present series is the largest series of PNL in ADPKD patients in English literature. Singh/Sinha/Gupta
Material and Methods
In the retrospective study from 2002 to 2011, the records of 22 patients with 26 renal units of ADPKD underwent PNL were analysed. The clinical presentations of the patients are shown in table 1. The kidney was palpable bilaterally in 18 patients and it was large renal lumps in 4 patients respectively. The complete hemogram, urinalysis, urine culture and sensitivity, renal function test, liver function test, coagulation profile and blood sugar level were performed. The renal and bladder ultrasound ( fig. 1 ) and an X-ray kidney, ureter and bladder (KUB) were performed ( fig.  2 ) in all cases. The intravenous urogram was done in 6 patients and contrast computer tomography (CT) scan abdomen in 8 cases respectively. The plain CT scan abdomen ( fig. 3 ) or magnetic resonance urogram were performed in patients with renal failure. The patients presented with recurrent urinary tract infections were put on fluroquinolone till they became afebrile and urine culture became sterile. None of these 4 patients had infected renal cyst. A chest X-ray posteroanterior view, electrocardiogram and pulmonary function tests were performed to assess the fitness for anesthesia. In renal failure patients bilateral double J stenting was performed to relieve obstruction in 4 patients whose serum creatinine showed the downward trend but failed to reach baseline. Percutaneous nephrostomy was performed in 4 renal units to relieve the obstruction. The PNL was performed under combined spinal-epidural anesthesia in 10 and general anesthesia in 12 patients. The cystoscopy and ureteric catheterization was performed before the procedure. The patients were turned to prone position with bolsters under the chest wall for the full expansion of the lungs. The puncture was done by urologist under fluoroscopic guidance and the free efflux of injected saline from puncture needle was taken as correct puncture. The tract was dilated by Alken metallic dilator up to 26F/28F. The procedure was accomplished using 26F (Richard Wolf) nephroscope. The stone was fragmented by pneumatic lithoclast (Swiss Lithoclast ® ) and retrieved. In 4 patients the involvement was bilateral and both sides were operated simultaneously, but 2 patients required two-stage PNL. Single puncture and dilatation was done in 18 renal units and two-puncture and dilatations were done 8 renal units respectively. Single-stage procedure was performed in 12 patients and two-stage PNL in 10 patients respectively (table 2). A 6F double J stent /18 F nephrostomy tube was inserted at the end of the procedure. In patients with two-puncture and dilatations, 2 nephrostomy tubes were inserted. In 5 patients clinical significant residual fragments (CSRFs) ranging from 8mm to 10mm were seen for which ESWL was performed and stone clearance at the end of 3 months was achieved in 2 patients (table 2). A chest X-ray posteroanterior view was obtained in patients had supracostal puncture and dilatation. The renal ultrasound and an X-ray KUB were obtained on first postoperative day to check the stone residue, perirenal collections and hematoma. A hemogram, serum creatinine and urine cultures were sent on first postoperative day in each patient. The stone analysis was performed in 12 patients, showed calcium oxalate mixed with uric acid in 8 and pure calcium oxalate monohydrate in 4 patients respectively. The patients were followed-up with serum creatinine and renal ultrasound according to the standard follow-up protocol. A 24-hour urine examination for metabolic evaluation was performed in each patient. A nephrology consultation was obtained in patients had chronic renal failure and they were put on antihypertensives including angiotensin converting enzyme inhibitor or angiotensin receptor blockers.
Results
The mean patient age was 38 years (range 30-50 years). The right to left renal unit involvement ratio was 16:20 (4 patients had bilateral stones). The mean stone size was 28 mm (table 1). The mean operating time was 90 minutes (range 70-120 minutes). Single-stage PNL was done in 12 and two-stage in 10 patients. The CSRFs (8-10 mm) was observed in 5 patients treated by ESWL, 2 of these were stone free at 3 months (table 2) . The overall success rate of PNL in this study was 82.1% and the result of PNL with ESWL was 92.85% respectively. The hematuria with hemodynamic instability was seen in 9 (32.2%) patients required blood transfusion with mean packed red cell transfusion of 2.5 units (2-3 units). The postoperative fever due to cyst infection observed in 4 patients (table 3). The fever did not respond and remained longer for which he was evaluated by renal ultrasound and infected cyst (2 infected cysts in each case) were aspirated. Pus culture showed E. coli sensitive to chloramphenicol and ciprofloxacin and they were treated for 12 weeks. The perirenal fluid collection persisted longer (> 7 days) in 3 patients which was aspirated by ultrasound guidance. In 4 patients there was significant (> 50 ml) perirenal hematoma following the procedure which was treated by conservatively and hematoma resolved in serial renal ultrasound (table 3). The renal failure was worsened in 3 patients (creatinine rise) who already had raised baseline creatinine but none required hemodialysis and responded by conservative measures including corrections of water and electrolytes disturbances. The hydrothorax developed in 2 patients required intercostal tube drainage, hemothorax in 1 patient treated by intercostal tube drainage and pneumothorax in 1 patient treated conservatively (table 3). The paralytic ileus was seen in 3 patients who had bilateral stones underwent bilateral PNL (table 3). The ileus was treated conservatively including cyst and perinephric fluid aspirations. The stone analysis was done in 12 patients showed the calcium oxalate mixed with uric acid in 8 and pure calcium oxalate monohydrate in 4 patients respectively. The 24-hour urine examination for the metabolic evaluation showed hypocitraturia in 10, hyperuricosuria in 6, hyperoxaluria in 5 and no metabolic abnormality in 3 patients respectively. The alkali dissolution therapy was given in all these patients. The patients are doing well in mean follow-up of 35 months. Singh/Sinha/Gupta 
Discussion
ADPKD is an autosomal dominant disease which is an important cause of morbidity and mortality related to kidney disease. The important complications which occur due to this disease are the hypertension, renal failure, nephrolithiasis, hemorrhage and infections [1] . The nephrolithiasis occurs in about 8-36% of the patients which increases the morbidity and further accelerates the onset of renal failure [2] . There was a time when the open surgeries such as nephrectomy and nephrolithotomy were performed for the treatment of stones in AD-PKD kidneys. The drawbacks of these procedures were the high morbidity rates. In recent years there has been consistent focus on the minimally invasive treatments such as ESWL and PNL [2-4]. The ESWL is indicated for the stones up to 20 mm with favorable outcome. For the larger stones and in failed cases of ESWL, PNL is the preferred modality. There are few papers and case reports on the PNL in ADPKD with limited number of patients and experience. The PNL in ADPKD create some difficulty such as distorted pelvicaliceal system leading to difficult puncture and dilatation, cyst puncture, cyst bleeding, cyst infection and associated parenchymal calcifications misleading to presence of stones under the fluoroscopy [1, 2, [4] [5] [6] [7] [8] . Umbreit et al. [9] found that PNL to be safe and effective in ADPKD with large stone burden despite the increased operative complexity, need
Singh/Sinha/Gupta of multiple punctures and repeat nephroscopy. In present study the puncture and dilatations were done under fluoroscopic guidance. Although the initial puncture was difficult because of distorted pelvicaliceal system but it was successful in all patients. Al-Kandari et al. [8] in a novel way used the diluted contrast material with methylthioninium chloride (blue dye) which was aspirated following puncture and it was taken as correct puncture. This was to avoid the cyst puncture and dilatation which is a genuine difficulty in ADPKD kidneys. In our study we did not use any dye rather following puncture and aspiration, if fluid was freely aspirated and comes out as jet efflux, it was taken as correct puncture and the tract was dilated subsequently. Baishya et al. [1] have advocated the ultrasound guided puncture and subsequent tract dilatation under fluoroscopic guidance. In our study we did not go for ultrasound guided puncture, because it could be difficult owing to the presence of multiple cysts that could have interfered with accurate localization of the compressed calices [8] . Bleeding remains a significant concern of PNL in ADPKD [1, 6, 8, 9] . The presence of multiple or large cysts, causing significant narrowing of the proper targeted calyx, could affect the approach and increase the risk of bleeding if forcible dilatation is tried. The compressive effect of cyst is more important than the size of cyst and their location to the target calyx. In such scenario, another favorable calyx then should be punctured to get entry in pelvicaliceal system and stones should be retrieved [1, 8, 9] . The bleeding leading to termination of the procedure was not observed in any of our case but the hematuria with hemodynamic instability was seen in 9 patients, managed conservatively. The PNL in ADPKD patients could be a staged procedure in which the puncture was done by a radiologist and later on the tract dilatation and stone retrieval by urologist [8, 9] . Intraoperatively the stone clearance can be enhanced by using the flexible nephroscope [8] . In our study we did not use the flexible nephroscope in any patients. The residual stone fragments can be managed by ESWL for smaller stones [4, 5] . The ESWL was done in 5 patients of whom 2 were stone free in 3 months. The overall success of PNL in normally located kidneys is in the range of 84-96.5%. The overall success rate in our study was 82.1% and the result of PNL with ESWL was 92.85% respectively which are comparable to existing literature [16, 18, 19] . The deterioration of renal function remains a concern of PNL in ADPKD patients. The renal trauma can cause loss of nephrons. In our patients the 3 patients had transient rise in serum creatinine. However the renal function in other patients were nearly stable in the postoperative period and it significantly improved in cases with obstructed systems, which was also similar to the observation by .
Bleeding is a major concern in PNL with an average hemoglobin drop ranging from 2.1 to 3.3 mg/dl. As a result, 1-11% of patients overall and 2-53% of those underwent PNL for staghorn stones require blood transfusion. Most of the bleeding can be managed conservatively but it may require superselective angioembolization in 0.8% of patient. Rarely nephrectomy can be required to save the life [13] [14] [15] . The cystic kidneys predispose to hemorrahge is controversial. Al-Kandari et al. [8] have not found the ADPKD as a cause of bleeding which was similar to the observation by others. Idrizi et al. [6] have reported the cause of hematuria in ADPKD patients. They postulated that hematuria could be due to: 1) cyst rupture in pelvicaliceal system which can occur in making tract for PNL; 2) infection which can occur by irrigating fluid; 3) injury to the segmental renal arteries in making tract and; 4) injury by lithoclast probe for stone fragmentation. In our experience the hematuria leading to hypotension requiring blood transfusion was seen in 9 (32.2%) which was similar to those reported in PNL series [13] [14] [15] , but it was more in comparison to the incidence of hematuria in our previous study on PNL in normal kidneys [16] . All our patients were managed by conservative measures including multiple transfusions but none required angioembolization.
Cyst infections could be a cause of fever in ADPKD kidneys. The urine culture remains sterile in most of the cases. The diagnosis is done based clinically on the development of discrete new palpable areas of renal tenderness. The imaging studies with renal ultrasonography or CT scan give valuable information [6, 17] . The refractory nature of cyst infection has been shown to be largely due to poor penetration of commonly used antibiotics in cyst fluid. Diffusion of antibiotics across the cyst wall is dependent upon the lipid solubility. Lipophilic antibiotics such as trimethoprim, fluoroquinolone, chloramphenicol and metronidazole rapidly achieve high intracystic concentration [17] . The postoperative fever due to cyst infection was observed in 4 patients who were not responding to cephalosporins. A renal ultrasound revealed the infected cysts which were aspirated and pus culture showed E. coli and they were treated initially by chloramphenicol and metronidazole. Later oral ciprofloxacin was continued till 12 weeks.
The surgical intervention in ADPKD patients can lead to paralytic ileus. The cause of the ileus could be secondary to accumulation of cystic fluid and blood clots Curr Urol 2013;7:7-13
Percutaneous Nephrolithotomy in Autosomal Dominant Polycystic Kidney Disease 13 in retroperitoneum. The irrigation fluid extravasation and infection could be the other causes. In present study the ileus was observed in 3 patients and all these had bilateral PNL. They had renal failure. The uremia, infection, fluid and electrolyte imbalance, cystic fluid, retroperitoneal blood and irrigation fluid extravasation all would have caused the paralytic ileus. In 2 patients the multiple cysts and retroperitoneal fluid were aspirated which led to recovery from ileus, similarly reported by others [20, 21] .
Conclusion
The PNL in ADPKD patients is safe and effective procedure but the procedure is more associated with hematuria requiring blood transfusion, postoperative fever due to cyst infection and paralytic ileus.
